A total of 316 samples of nasopharyngeal aspirate from infants up to two years of age with acute respiratory-tract illnesses were processed for detection of respiratory syncytial virus (RSV) using three different techniques: viral isolation, direct immunofluorescence, and PCR. Of the samples, 36 (11.4%) were positive for RSV, considering the three techniques. PCR was the most sensitive technique, providing positive findings in 35/316 (11.1%) of the samples, followed by direct immunofluorescence (25/316, 7.9%) and viral isolation (20/315, 6.3%) (p < 0.001). A sample was positive by immunofluorescence and negative by PCR, and 11 (31.4%) were positive only by RT-PCR. We conclude that RT-PCR is more sensitive than IF and viral isolation to detect RSV in nasopharyngeal aspirate specimens in newborn and infants.
INTRODUCTION
The respiratory syncytial virus (RSV) is considered to be the most common viral agent of lower respiratory tract infections in infants and young children, and can cause serious respiratory illnesses 5, 7, 12, 20 .The highest morbidity rates are observed in infants, in the elderly and in the immunocompromised 4, 9, 17, 18, 22 . Viral isolation in cell cultures continues to be considered the most definitive test for diagnosis 6 . However, rapid techniques such as antigen detection by direct immunofluorescence (IF) employing monoclonal antibodies, and reverse transcriptase-polymerase chain reaction (RT-PCR) have been used increasingly to detect the virus in clinical samples. The sensitivity of RT-PCR can equal or exceed that of cell culture or antigen-based assays 6 . Several studies underline the impact of the use of rapid techniques on the clinical evolution of patients compared with conventional techniques 2 . In immunocompromised patients, especially bone marrow transplant recipients and premature neonates, this is particularly important since these patients require prompt therapeutic intervention 8 . In addition, rapid diagnosis allows early implementation of RSV-infection control policies, thus reducing nosocomial infections. The objective of this study was to compare the sensitivity of three techniques for the detection of RSV in respiratory secretions: viral isolation, direct immunofluorescence using monoclonal antibodies, and RT-PCR.
MATERIAL AND METHODS

Population and samples:
The samples analyzed in this study came from a prospective cohort consisting of 173 healthy newborns followed up from birth up to twenty-four months of age. The main objective of that earlier study was to evaluate risk factors for the development of wheezing diseases. Nasopharyngeal aspirates were collected whenever they presented with signs/symptoms of acute respiratory infection as long as the symptoms had been present for no more than five days. No child required hospitalization during the study.
Nasopharyngeal aspirate collection:
Two milliliters of Ringer´s lactate were introduced into each nostril with a silicon tube and vacuum aspirated in a sterile collector 8 . The samples, kept at 4 o C, were promptly sent to the laboratory and processed within two hours for direct immunofluorescence (IF) and viral isolation. An aliquot of the aspirate was stored in liquid nitrogen for subsequent RT-PCR.
Viral isolation:
Human laryngeal epithelial carcinoma (Hep2) cell line was used for viral isolation. Samples were inoculated in one tube kept in a roller drum (one rotation per minute at 33 o C) to ensure uniform circular movement. RSV isolation was confirmed by using specific monoclonal antibodies (Imagen®, DAKO, Cambridgeshire, UK). In the absence of a cytopathic effect by the tenth day after inoculation, a The reverse transcription step was performed prior to the PCR assay using the High-Capacity cDNA Archive ® kit (Applied Biosystems, Foster City, CA, USA) in accordance with the manufacturer's instructions.
The nested PCR amplification protocol standardized employs complementary mRNA primers of the G and F glycoproteins with primers described elsewhere: first round -FV gttatgacactggtataccaac, GAB ycaytttgaagtgttcaactt 13, 24 . The PCR mixture (50 µL) contained 5 µL of cDNA, deoxynucleotide triphosphates at a concentration of 1.25 mM, 10 pmol of primers, 1× reaction buffer (10 mM tris, 50 mM KCl), 1.5 mM MgCl 2 , Taq polymerase 2.0 U/ reaction. First-round PCR cycle conditions consisted of five min at 95 ºC for denaturation, and 35 cycles of one min at 94 ºC, one min at 55 ºC, one min at 72 ºC and a final elongation step for seven min at 72 ºC, using a thermal cycler (Eppendorf). For the second-round PCR, 5 µL of the first-round PCR was used as template DNA and the same conditions were applied, but another set of primers was used: F1AB caactccattgttatttgcc, GAB ycaytttgaagtgttcaactt 13, 14 . All PCR reactions were performed under stringent conditions to avoid contamination: three separate rooms were used to prepare amplification mix, to apply DNA to the Eppendorf tubes and to run the agarose gels, respectively; and each PCR run contained several negative controls (containing water instead of DNA templates).
RT-PCR analytic sensitivity:
To estimate the analytic sensitivity of the PCR, a fragment amplified from the F and G glycoproteins was cloned in accordance with the manufacturer's instructions (pGEM®-T Easy Vector Systems, Promega Corporation, Madison, USA).
The degree of sensitivity of the PCR amplification method was estimated by amplifying decreasing dilutions of cloned DNA. This method was able to detect as few as 100 copies of RSV.
Sequencing: The samples positive for RSV using the RT-PCR technique were confirmed by sequencing to exclude non-specific amplification. The DNA strands were sequenced using the Big Dye® Terminator v 3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA) in accordance with the manufacturer's instructions. The nucleotide and amino acid sequences corresponding to the G2 region were aligned in two groups, A and B, using the MegAlign All the 29 samples that could be sequenced were confirmed as RSV group A (n = 21) or B (n = 8). The similarity between the sequences varied from 86 to 100%. Of the 29 sequences analyzed 23 (79.3%) were not 100% similar. However, three sets of identical sequences were obtained. One set was present in four samples, one in three samples, and the other in two samples. None of the samples in the sets was processed by PCR on the same day.
Viral isolation was positive in 20/315 (6.3%) samples. A sample could not be processed by virus isolation. Regarding the efficiency of the blind passages after the first negative passage culture, it was found that in 3/315 cases negative after the first passage, a cytopathic effect (CPE) was seen after the second passage. In another three samples, the CPE was observed only after a third blind passage. All the other 309 samples processed using viral isolation (including the 16 samples positive by other techniques) still gave negative results, despite being subjected to two blind passages. The use of two blind passages thus raised the overall positivity rate in cell cultures from 14/315 (4.4%) to 20/315 (6.3%). Considering RT-PCR as the gold standard, viral isolation achieved a sensitivity of 58.8%, specificity of 100%, positive predictive value (PPV) of 100%, and negative predictive value (NPV) of 95.2% compared with RT-PCR. Regarding the use of IF for RSV detection, Table 2) .
DISCUSSION
Despite the increasing use of antigen detection by IF with monoclonal antibodies and of RT-PCR to detect RSV in clinical samples, isolation of the virus in cell culture is still considered the most definitive test for laboratory diagnosis 5, 6 . As observed in other comparative studies 19, 21, 23 , RT-PCR was significantly more sensitive than viral culture, and antigen testing, for the detection of RSV in nasopharyngeal aspirate samples. Considering RT-PCR as the gold standard, the viral isolation technique was the less sensitive technique for diagnosis of RSV infection. Although blind passage has been performed for RSV and other viruses in some laboratories 1, 21 we could not find data in the literature concerning its true effectiveness. In our study, 30% of the cases diagnosed by virus isolation could be detected only after blind passages, highlighting the contribution of additional passages to increase the sensitivity of this technique. However, considering all the samples examined in the present study, the positivity rate among all clinical samples raised from 4.4 to 6.3% overall. In view of the costs and labor involved, the use of this procedure in routine diagnostics is highly questionable in terms of cost-benefit though it could be justified in studies in which the recovery of the virus is an essential step.
There is a clear trend towards the use of techniques that allow early diagnosis of RSV infection. Early diagnosis is advantageous because it permits the implementation of measures to limit the spread of the virus (for example, in a hospital setting or nursing home), and early implementation of antiviral therapy. In our study, even with only one passage, viral isolation only allowed diagnosis from the third day after inoculation, making this technique unsuitable for RSV diagnosis, particularly in patients who would clearly benefit from early therapeutic intervention. Immunofluorescence (IF), on the other hand, is widely used to detect RSV in epithelial nasopharyngeal cells because it is faster and less laborious than isolation. However, the IF technique requires a sample rich in cells, expertise in handling an immunofluorescence microscope 10 and is less sensitive than RT-PCR 18, 20, 22 . Our in house RT PCR could detect as few as 100 RSV copies, and this analytic sensitivity is similar to RT assays used in other studies 16 . We excluded the possibility of non-specificity of the RT-PCR assay using sequencing to confirm samples that were positive for RSV. Furthermore, to exclude the possibility of amplicon contamination, we aligned the sequenced PCR products with sequences corresponding to the G2 region of the gene encoding the A-and Bgroup RSV G protein, which revealed individual differences between the sequences amplified by PCR.
The choice of a technique is of the utmost importance for the rapid and sensitive diagnosis of RSV. Our findings suggest that RT-PCR is more effective than IF and viral isolation in diagnosing RSV infection. The recent application of real-time PCR in respiratory specimens has shown to be a rapid and sensitive alternative to conventional RT-PCR and rapid antigen detection assays for RSV detection 2, 11, 15 and may contribute to the definitive replacement of virus isolation in cell cultures for diagnosis of viral respiratory infections.
RESUMO
Comparação entre imunofluorescência direta, cultura convencional de células e reação em cadeia de polimerase para detectar vírus respiratório sincicial em lavados de nasofaringe de crianças
Um total de 316 amostras de lavado de nasofaringe obtidas de crianças em acompanhamento ambulatorial com até dois anos de idade durante episódio de doença aguda do trato respiratório foram processadas para detecção do vírus sincicial respiratório (VSR) utilizando três diferentes técnicas: isolamento viral, imunofluorescência direta e reação em cadeia por polimerase (RT-PCR). Destas amostras, 36 (11,4%) foram positivas para o VSR. A RT-PCR foi a técnica mais sensível, com positividade em 35 (11,1%) das amostras, seguindo-se a imunofluorescência direta (25/316, 7,9%) e o isolamento viral (20/ 315, 6,3%) (p < 0,001). Uma amostra foi positiva pela imunofluorescência e negativa pela RT-PCR, e 11/36 (31,4%) foram positivas somente pela RT-PCR. Concluímos que a RT-PCR é mais sensível que a imunofluorescência e o isolamento viral para detecção do VRS em amostras de aspirado de nasofaringe de recém-nascidos e lactentes. DFA -Direct immunofluorescence assay; Sensitivity = 69.44%; Specificity = 99.66%; PPV = 96.0% and NPV = 96.2%; ISO = viral isolation; Sensitivity = 58.8%, Specificity = 100%, PPV = 100% and NPV = 95.2%. *One sample could not be processed by viral isolation. ** p value < 0.001.
